. This a stable isotopic method for predicting wastewater input.
liela, 1998; Lake et al., 2001;  we looked at the differences in response of macrophyte ␦ Wigand et al., 2001; Cole, unpublished data, 2002) (Fry and Sherr, 1984; Peterson and Fry, 1987) . The ratio fields (Kreitler et al., 1978; Kreitler and Browning, 1983;  matched well with known qualitative information, proving the use of Aravena et al., 1993; Macko and Ostrom, 1994) . This a stable isotopic method for predicting wastewater input.
N values
range is significantly higher than the ␦ 15 N of ground water N derived from atmospheric deposition (ϩ2 to ϩ8‰; Kreitler et al., 1978; Kreitler and Browning, 1983) ,
I
ncreases in human population in coastal watersheds and from fertilizer (Ϫ3 to ϩ3‰, Kreitler et al., 1978 ; have increased delivery of nutrients to lakes, ponds, Kreitler and Browning, 1983) .
and estuaries (Joint Group of Experts on the Scientific
The ␦
15
N values in primary producers, macrophytes Aspects of Marine Environmental Protection, 1990; Naand phytoplankton, reliably reflect N inputs from land tional Research Council, 1994) . The resulting eutrophito water bodies (McClelland et al., 1997 ; Voss and cation has many adverse effects within the estuaries Struck, 1997; McClelland and Valiela, 1998; Waldron et (Duarte, 1995; D'Avanzo et al., 1996; Hauxwell et al., al., 2001; Cole, unpublished data, 2002) , and also are 1998). Increased N loading can lead to blooms of phytosignificantly related to DIN concentrations in the receivplankton and macroalgae (Duarte, 1995; Hauxwell et al., ing waters (Cole, unpublished data, 2002) . Although, 1998) . These blooms in turn lead to the loss of important ␦
N of primary producers is more clearly correlated to estuarine habitats like seagrass meadows. The loss of the percentage wastewater contribution than to N loads seagrass meadows is accompanied by the loss of impor- (Cole, unpublished data, 2002) . tant commercial shellfish and finfish species such as cod The ␦
N of primary producers may vary because of (Tveite, 1984) , bay scallops (Pohle et al., 1991) , and blue differences in taxonomy and geography. Differences in crabs (Heck and Orth, 1980) . Eutrophic estuaries can the geographic location of water bodies introduce differalso suffer from anoxia (Zimmerman and Canuel, 2000) , ences in species composition, climate, and water and harmful algal blooms, and brown tides (Hodgkiss and sediment characteristics; many of these features could Ho, 1997) .
affect the ␦
N of producers (Peterson and Fry, 1987) . These adverse effects have prompted search for suitPlants acquire N from the sediment, but algae N uptake occurs through fronds (Duarte, 1995 The Pacific Coast estuaries received significant freshwater detect wastewater inputs to receiving waters, we used new inflow from their watersheds only during certain times of the data and published data for 31 ponds and estuaries in North year (Fry et al., 2003) . Since we were most interested in the and South America (Fig. 1) . We collected new data from three relationship of macrophyte and POM ␦
N to actual inputs of estuaries (Mashpee River, Great Pond, and Green Pond, MA) land-derived N rather than to N recirculated within the sysand four freshwater ponds (Ashumet Pond, Coonamessett tems, we used only the samples collected at the time of lowest Pond, and Oyster Pond at southwestern Cape Cod and Miacowater-column salinity, which corresponded to recent freshwamet Pond at Nantucket, MA). In addition, we collected data ter inflow. from Lamprey River and Oyster River (subestuaries of Great Bay, NH), Nick's Hole and Yent's Bayou (subestuaries of
Calculation of Relative Wastewater Load
Apalachicola Bay, FL), and Piratininga and Itaipu (two portions of a coastal lagoon system in Brazil). We used previously
To determine the contribution of wastewater, fertilizer use, collected or published data for Sage Lot Pond, Quashnet and atmospheric deposition to the total N load to the Cape River, and Childs River, MA; Narragansett Bay, RI; Tijuana Cod, Nantucket, and Narragansett Bay sites, we used a nitroEstuary, San Dieguito Lagoon, and Elkhorn Slough, CA; gen-loading model (NLM; Valiela et al., 1997 Valiela et al., , 2000 
Nitrogen Measurements
within a water body were combined into one composite sample per pond or estuary. Macrophyte tissues were dried at 60ЊC
To compare ␦
15
N of macrophytes to ambient concentrations of dissolved inorganic N, we collected water from freshwater for 3 d, ground to a fine powder with a mortar and pestle, and stored in scintillation vials in a dessicator until analysis.
ponds and estuaries in Cape Cod, Great Bay, and Apalachicola Bay, and measured NO 3 and NH 4 . We measured NH 4 concenThe POM was collected in 2-L bottles from three locations around each site, filtered onto ashed glass fiber filters, dried trations colorimetrically by the phenol/hypochlorite method (Strickland and Parsons, 1972) or fluorometrically (Holmes at 60ЊC for 3 d, and stored in a scintillation vial in a dessicator until analysis. Nitrogen in macrophyte tissue and POM was et al., 1999) . Nitrate concentrations were measured colorimetrically after cadmium reduction to NO 2 with either a manual then analyzed with a Finnigan Delta-S isotope-ratio mass spectrometer (Finnigan Corporation, San Jose, CA) coupled to a method (Jones, 1984) or with an autoanalyzer (Lachat Instruments, Milwaukee, WI). The values arrived at by this method Heraeus element analyzer (Heraeus Instruments, Inc., South Plainfield, NJ).
are actually NO 3 ϩ NO 2 , but because NO 2 concentrations are typically an order of magnitude lower than NO 3 , we refer to Methods for collection and analysis of samples from Narragansett, RI, and the West Coast estuaries are found in Wigand this value as the NO 3 concentration. For the Brazil lagoons, ducers assimilate DIN (Wada and Hattori, 1978; Fogel Cole (unpublished data, 2002) Fig. 2b and Table 3 ). In this case, the scatter then, are sensitive mainly to low DIN concentrations. of points was larger than for wastewater N. Nonetheless, Although there is a significant relationship between on aggregate, N isotopic signatures did reflect ambient macrophyte ␦
N values and water-column DIN concen-DIN concentrations in the estuaries. Lake et al. (2001) trations, the overall poor R 2 of 0.14 suggests that the found a similar logarithmic relationship between conrelationship may not be a particularly useful predictor. sumers and water-column DIN concentrations in freshBoth macroalgae and plant ␦ 15 N values significantly water ponds. The ␦ 15 N of producers can be affected by increased as wastewater N increased as a portion of the the concentration of DIN in the water column, regardtotal N load ( Fig. 3a and Table 2 ). There was no statistiless of its source. Higher water-column concentrations cal difference by ANCOVA between the slopes and lead to high rates of N isotopic fractionation when prointercepts of the two regressions. Plants had a larger range of ␦
N values (0.5-13.8‰) than macroalgae (4.9- porewater N and water-column N, while macroalgae sediment and consumer ␦ 15 N relative to the fraction can take up N only from the water column. Despite of residential land in pond watersheds. Although the these complex factors, there was no difference in slope relationships for the two geographic regions (Cape Cod (F ϭ 0.2, not significant) or y-intercept (F ϭ 0.39, not and Rhode Island) had the same slope, the regressions significant) in the two responses of macroalgae and were offset by a small amount, 1.3‰. This minor differplants to increases in wastewater load. In summary, ence is likely due to differences in estuary processing although both relationships are good, the macroalgae between the two regions. Regardless, the regressions of relationship is tighter. This suggests that when macone plant species, S. alterniflora, to wastewater inputs rophytes are separated into vascular and nonvascular calculated for two different geographic regions were not groups, nonvascular macroalgal ␦ (Fig. 3b and Table 3 ). The two regressions column DIN concentrations (Fig. 4b) . The Pacific estuhad similar slopes. Macroalgae may respond signifiaries had high DIN concentrations, but macrophyte ␦ 15 N cantly because they only have access to water-column values spanned nearly the same range as those in the DIN, but plants have access to ground water and porenorthern Atlantic and Brazilian estuaries. These Pacific water N and therefore may not be coupled to the waterestuaries have limited inflow of freshwater, so we used column N. In summary, macroalgae are better indicators data only from seasons with freshwater inflow to best of the water-column DIN concentrations than plants.
capture inputs from land. (Fig. 4 , statistics in Table 2 ). As wastelagoon water-column DIN concentration values fell bewater input increased, S. alterniflora ␦ N-based estimates to (Fig. 5a) . The POM ␦ 15 N values were not significantly measurements, but we could compare the estimates of related to water-column DIN concentrations (Fig. 5b) .
wastewater (Peterson and Fry, 1987; Fogel and Cifuentes, 1993; available. Kendall, 1998) 
